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Traditional medicineDespite the popularity of traditional medicine in Africa, the continent remains behind in terms of the regulation,
safety and quality control of its medicinal plant industry. There is heightened interest in essential aspects that af-
fect the industry, with storage practices and consequent effects on plant efﬁcacy being of high priority. Therefore,
the effect of short-term storage on the efﬁcacy and phytochemical content of three popular medicinal plants
(Ocimumbasilicum, Senna petersiana andHypoxis hemerocallidea)was investigated. The antimicrobial and antiox-
idant activities of four solvent extracts of the selected plant (fresh and short-term stored) were compared. Phy-
tochemical analysis of 50% methanol extracts of plant materials was determined using spectrophotometric
methods. Fresh samples of themajority of the plant extracts indicated better antibacterial (Staphylococcus aureus
and Escherichia coli) and antifungal (Candida albicans) activities in comparison to the stored samples. There was
no speciﬁc pattern in antioxidant activity for both stored and fresh samples for the different plants. Phytochem-
ical analysis pointed towards noticeable differences between fresh and stored samples of the various plant ex-
tracts with fresh samples showing higher chemical concentrations in many plant parts. In general, the current
ﬁndings indicate that the degree of changes in the pharmacological and phytochemical activity due to storage
was plant part- and species-speciﬁc.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
In recent times, there has been increasing interest among re-
searchers relating to critical aspects that affect the development of the
African traditional medicinal plant industry, with storage practices and
the effect of these practices on the efﬁcacy of African medicinal plants
being an important consideration (Fennell et al., 2004).Medicinal plants
have been cultivated for decades in developed countries, where there is
an awareness of the value of good agricultural practice, ensuring prod-
uct safety and quality. However, Africa is behind in the development
and controlled aspects of its medicinal plant industry (Fennell et al.,
2004; Street et al., 2008). The unsuitable collection, processing and stor-
age methods, as well as the contamination by unwanted products, have
also contributed to the negative portrayal of African natural plant prod-
ucts globally (Street et al., 2008).
Although fresh plant material is commonly preferred by tradi-
tional healers because of certain doubts surrounding the degree of
biological activity of stored plants, there have been reports of some
healers that store air-dried plant materials for prolonged periods
under dark conditions (Stafford, 2003). Heightened collection of
high-demand plant species leads to unsustainable harvesting,
resulting in longer storage periods of plant materials than would
normally be projected (Amoo et al., 2012). This particular practicey Elsevier B.V. All rights reserved.is of concern as the chemical changes that occur in plants cannot be
detected by human senses, thus consumers of these products are un-
able to distinguish between products of good or poor quality
(Stafford et al., 2005). It is well-known that plants contain numerous
chemicals, which can be affected both adversely and favorably by
various factors. Researchers have postulated that variations can
occur within the plant (biochemistry) leading to activity changes
(Stafford, 2003; Fennell et al., 2004; Amoo et al., 2012). In other
words, chemical changes are not always detrimental or undesired,
actually the activity of certain components increase with storage/
aging, making the product of better value. As indicated by the au-
thors, the storage methods of collected plants have the ability to
cause changes in the pharmacological and phytochemical activity.
Therefore, it is important to relay information on storage periods
and ‘best before dates’, as part of consumer rights. The effect of storage
on the biological activity of Nepali medicinal plantswas documented by
Griggs et al (2001). Stafford et al. (2005) and Amoo et al. (2012) have
also investigated the effect of accelerated aging and long-term storage
on the biological and chemical composition of South African medicinal
plants. Nevertheless, it is apparent that the available information is lim-
ited when compared to the wide use and importance of medicinal
plants in Africa. Consequently, the current research focused on the ef-
fect of short-term (±3 years) on pharmacological and phytochemical
properties of three well-known medicinal plants, namely, Hypoxis
hemerocallidea Fisch. & C.A. Mey., Ocimum basilicum L. and Senna
petersiana (Bolle) Lock (Table 1).
Table 1
Ethnobotanical information on three commonly-used South African medicinal plants.
Family Plant species aVoucher number Ethnopharmacological uses References
Hypoxidaceae Hypoxis hemerocallidea
Fisch. & C.A. Mey
F.LAHER 3NU Emetics used to treat dizziness, bladder disorders and
insanity among other uses
Van Wyk et al. (2009)
Lamiaceae Ocimum basilicum (L.) F.LAHER 1NU Used to expel worms, for respiratory disorders, dysentery
and constipation
Okujagu et al. (2006)
Fabaceae (Caesalpinaceae) Senna petersiana (Bolle) Lock. F.LAHER 2NU Used in laxative preparations, with roots and leaves used
as a purgative to treat stomach ache, intestinal worms and constipation
Van Wyk et al. (2009),
Hutchings et al. (1996)
a Voucher number of the 3 year old plant materials is as described by Aremu et al. (2010).
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2.1. Plant collection and extract preparation
Stored samples of the three plants (H. hemerocallidea, O. basilicum
and S. petersiana) were collected between February and May 2009
from the Botanical gardens, University of KwaZulu-Natal, Pietermaritz-
burg, South Africa. Fresh samples of themedicinal plants were collected
from the same location between April and May 2012. Stored samples
were completely oven-dried at 50 °C and ground before storage in
airtight containers. Freshly collected plant materials were subjected to
similar treatment. The botanical names, voucher specimen numbers,
places of collection and traditional medicinal uses of the plants studied
are presented in Table 1. Voucher specimens were deposited in the
Bews Herbarium, University of KwaZulu-Natal, Pietermaritzburg,
South Africa. Although only the widely-used organs were considered
for current investigation, the leaves of H. hemerocallidea were included
as a conservation strategy (plant part substitution).
Dried, ground plants (1 g)were non-sequentially extracted in 20 ml
of petroleum ether (PE), dichloromethane (DCM), ethanol (EtOH) and
water utilizing a sonication bath containing ice for 1 h. The extracts
were then ﬁltered through Whatman No. 1 ﬁlter paper, concentrated
in vacuo at 40 °C and dried under a fan. Water extracts were freeze-
dried after extraction to remove the moisture content. The yield of the
various extracts was determined (Table 2). The resultant extracts
were thereafter used for the various assays.
Phenolic compounds were extracted from dry plant material as de-
scribed by Makkar (2000). Ground plant materials (100 mg) were
extracted with 10 ml of 50% methanol (MeOH) by sonicating in waterTable 2
Yield (% w/w) and antimicrobial activity of extracts of fresh and stored South African medicina
Yield (%w/w)
Plant species Plant part Extract Fresh Stored
Hypoxis Corms PE 0.20 0.12
hemerocallidea DCM 0.28 0.19
EtOH 23.40 12.80
Water 22.35 33.75
Leaves PE 0.60 0.32
DCM 1.23 0.56
EtOH 1.43 0.90
Water 10.81 5.00
Ocimum basilicum Leaves PE 1.07 1.43
DCM 6.49 5.29
EtOH 3.91 3.46
Water 7.19 9.38
Senna petersiana Leaves PE 1.51 2.12
DCM 2.54 3.05
EtOH 6.00 8.88
Water 7.33 11.35
Neomycin
Amphotericin B
PE— Petroleum ether, DCM — Dichloromethane, and EtOH— Ethanol.
S.a = Staphylococcus aureus, E.c = Escherichia coli, and C.a = Candida albicans.
Values written in bold are considered active (b1 mg/ml).for 20 min. Extracts were then ﬁltered in vacuo through Whatman's
No. 1 ﬁlter paper and used in the assays. A similar method was used
for the extraction of plant material for the antioxidant assays, with a
modiﬁcation where extracts were dried under the fan and thereafter
re-suspended in MeOH.
2.2. Antimicrobial activity
Themicro-dilution bioassay as described by Eloff (1998)was used to
evaluate the antimicrobial activity of the extracts against Gram-positive
(Staphylococcus aureus ATCC 12600) and Gram-negative (Escherichia
coli ATCC 11775) bacteria as well as a fungus (Candida albicans ATCC
10231). Minimum inhibitory concentration (MIC) values were deter-
mined as detailed by Aremu et al. (2010).
2.3. Antioxidant activity
2.3.1. DPPH free radical-scavenging activity
The radical-scavenging activity (RSA) of the plant materials was de-
termined using theDPPHassay as described byKarioti et al. (2004)with
modiﬁcations (Fawole et al., 2010). The free RSA was calculated using
the following equation:
RSA %ð Þ ¼ 1− Aextract−Abackground
Acontrol
  
 100;
where Аextract, Abackground and Acontrol are the absorbances of the extract,
blank solution and negative control, respectively.l plants.
Minimum inhibitory concentration (mg/ml)
S.a E.c C.a
Fresh Stored Fresh Stored Fresh Stored
N12.50 3.13 N12.50 6.25 N12.50 N12.50
6.25 N12.50 N12.50 N12.50 N12.50 N12.50
3.13 3.13 6.25 6.25 1.56 N12.50
1.56 N12.5 3.13 3.13 3.13 N12.50
6.25 2.60 3.13 4.17 0.78 3.13
0.78 2.34 1.56 3.13 1.56 4.17
0.33 0.52 0.52 4.17 N12.50 4.17
4.17 N12.5 1.56 N12.50 N12.50 N12.50
6.25 3.13 6.25 3.13 3.13 1.56
3.13 3.13 3.13 6.25 6.25 6.25
0.39 1.56 0.78 3.13 1.56 6.25
3.13 N12.5 6.25 N12.50 6.25 N12.50
1.56 3.13 3.13 6.25 3.13 3.13
5.21 1.30 6.25 2.60 3.13 4.17
0.33 0.39 0.20 0.26 1.56 3.13
6.25 3.13 6.25 3.13 N12.50 N12.50
1.9 × 10−3 3.9 × 10−3
9.8 × 10−3
Table 3
Effect of short-term storage on free radical scavenging activity of three South African me-
dicinal plants.
EC50 (μg/ml) AAI a
Plant species Plant part Fresh Stored Fresh Stored
Hypoxis hemerocallidea Corms 0.65 ± 0.036⁎ 1.25 ± 0.217 30.33 15.77
Leaves 1.43 ± 0.042⁎ 2.63 ± 0.024 13.79 7.50
Ocimum basilicum Leaves 2.04 ± 0.090⁎ 1.51 ± 0.002 9.66 13.06
Senna petersiana Leaves 0.82 ± 0.970⁎ 0.63 ± 0.116 24.04 31.29
Ascorbic acid (positive control) 0.23
Values are represented as mean ± standard error (n = 5).
a AAI = Antioxidant Activity Index.
⁎ EC50 values are signiﬁcantly different between fresh and stored material (p = 0.05)
according to Student’s t-test.
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using the equation described by Scherer and Godoy (2009):
AAI ¼ FinalDPPHconcentration
EC50
:
2.3.2. Beta-carotene linoleic acid assay
The antioxidant potentials of the plant extracts to inhibit or reduce
β-carotene linoleic acid oxidation were evaluated using the method of
Amarowicz et al. (2004) with minor modiﬁcations (Moyo et al., 2010).
Values were expressed as percentage antioxidant activity (% ANT)
using the following equations:
Rateof β‐carotene bleaching ¼ ln At¼0
At¼t
 
 1
t
Antioxidant activity %ð Þ ¼ Rcontrol−Rsample
Rcontrol
 
 100;
where At = 0 is the initial absorbance at t = 0 min, At = t is the absor-
bance at time t = 120 min, t = 120 min and R is the rate of β-
carotene bleaching. Rsample and Rcontrol are the average bleaching rates
of β-carotene in the emulsion with and without the plant extracts
respectively.
2.4. Phytochemical analyses
The phytochemical contents were determined using spectrophoto-
metric methods. Total phenolic, ﬂavonoids and condensed tannins
were analyzed as adapted from Makkar (2000) and fully detailed by
Aremu et al. (2012). The iridoid content was determined as described
by Levieille and Wilson (2002). The calibration curves were plotted
using gallic acid (phenolic), catechin (ﬂavonoid), cyanide chloride (con-
densed tannin) and harpagoside (iridoid) as standards. Total phenolic,
ﬂavonoid, condensed tannin and iridoid contents were expressed in
mg gallic acid equivalents (GAE), catechin equivalents (CE), cyanidin
chloride equivalents (CCE) and harpagoside equivalents (HE), respec-
tively per gram dry weight (DW). Five replicates were used for the phy-
tochemical quantiﬁcation.
2.5. Data analyses
For the DPPH assay, the data were log-transformed, normalized and
ﬁtted into a non-linear regression for EC50 determination. Regression
analysis and the determination of EC50 values were done using
GraphPad Prism software (version 4.03). The levels of signiﬁcant differ-
ence between themean values of the pharmacological and phytochem-
ical activity in the stored and fresh plant materials were determined
using the student t-test (SigmaPlot Version 8.0 and SPSS® version 19).
3. Results
3.1. Antimicrobial activity
The MIC of extracts from different parts of the studied species is
presented in Table 2. All the extracts showed antibacterial and antifungal
activity. In most cases, the fresh plant material had greater antibacterial
and antifungal activity than the storedmaterial. In addition, S. petersiana
ethanol extracts, demonstrated a noteworthy result (i.e. b1 mg/ml)
against both bacterial strains. The ethanol extracts of H. hemerocallidea
leaves also indicated good antibacterial activity with most values being
b1 mg/ml for both fresh and storedmaterial against the tested bacterial
strains. The antifungal activities for the investigated plant extracts were
considered weak with the MIC N 1 mg/ml (Table 2).3.2. Antioxidant properties
The effect of short-term storage on the radical scavenging activity of
the evaluated plantmaterials is presented in Table 3. The lower the EC50
value, the higher the antioxidant activity index and free radical scav-
enging activity. The results indicated a signiﬁcant difference between
stored and fresh plant material for all species. For instance, fresh mate-
rial of H. hemerocallidea leaves and corms indicated higher antioxidant
activity than stored material of the same plant. However, stored mate-
rial of O. basilicum and S. petersiana displayed higher antioxidant and
free radical scavenging activity.
In terms of theβ-carotene linoleic acid assay, the effect of short-term
storage on the antioxidant activity is shown in Table 4. Overall, the
general trend for β-carotene bleaching rates indicates considerable
noteworthy differences between fresh and stored plant material in all
evaluated species. The rate of bleaching activity for S. petersiana was
the same for fresh and stored material.3.3. Phytochemical content
The effect of short-term storage on the different phytochemical com-
pounds in the plantmaterials is presented in Fig. 1A–D. The total pheno-
lic content of the fresh material of H. hemerocallidea corms and leaves
were signiﬁcantly higher than that of the stored material of the same
plant parts. The storedmaterial of O. basilicum and S. petersianawas sig-
niﬁcantly higher than the fresh material. Overall the highest phenolic
content was 173.59 mg GAE/g DW which was found in the fresh
corms of H. hemerocallidea. It is noteworthy that the stored plant mate-
rial of O. basilicum and S. petersiana had higher phenolic contents,
probably due to their higher ﬂavonoid contents in comparison to the
fresh material. The total ﬂavonoid contents of fresh H. hemerocallidea
leaves were signiﬁcantly higher than in stored material. However, the
stored plant material of O. basilicum and S. petersiana had signiﬁcantly
higher phenolic contents than the fresh material. Overall, the highest
ﬂavonoid content was found in the stored material of S. petersiana
(59.21 mg CE/g DW).
In most instances, higher levels of condensed tannins were
found in stored plant material, with the only exception being the
leaves of H. hemerocallidea. The highest condensed tannin levels
(32 mg CCE/g DW) were also found in the fresh leaves of the
Hypoxis species. O. basilicum displayed the lowest condensed tannin
levels, with the lowest value of all the species evaluated being from
the fresh material of this plant. Apart from H. hemerocallidea leaves,
stored plant materials had signiﬁcantly higher iridoid content than
the fresh ones. The highest total iridoid content was recorded in
stored S. petersiana leaves with 81.59 mg HE/g DW while the low-
est was found in fresh leaves of O. basilicumwith 1.84 mg HE/g DW.
Table 4
Effect of short-term storage on the antioxidant activity of three South African medicinal plants based on β-carotene-linoleic acid model.
Rate of BCB % ANT
Plant species Plant part Fresh Stored Fresh Stored
Hypoxis hemerocallidea Corms 0.015 ± 0.000⁎ 0.012 ± 0.001 21.992 ± 1.182⁎ 37.965 ± 4.299
Leaves 0.025 ± 0.001⁎ 0.015 ± 0.001 0.00 ± 6.050⁎⁎⁎ 23.734 ± 6.443
Ocimum basilicum Leaves 0.021 ± 0.001⁎, ⁎⁎ 0.017 ± 0.001 0.00 ± 3.541⁎⁎⁎ 13.656 ± 4.090
Senna petersiana Leaves 0.014 ± 0.000ns 0.014 ± 0.001 28.99 ± 0.846ns 29.612 ± 2.759
Butylated hydroxytoluene (positive control) 0.003 ± 0.0001 83.281 ± 0.591
Values are represented as mean ± standard error (n = 5).
BCB = β-carotene bleaching; ANT = antioxidant activity.
Rate of BCB is signiﬁcantly different between fresh and stored material (p = 0.05, 0.01; 0.001) based on Student’s t-test.
ns No signiﬁcant difference between stored and fresh material.
⁎ p = 0.05.
⁎⁎ p = 0.01.
⁎⁎⁎ p = 0.001.
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Medicinal plant gatherers and suppliers usually wait until enough
stock is built up before an order can be supplied or before there is ade-
quate amounts of the material to validate a journey to the market for a
sale to bemade (Mander, 1997). Themajority of information onmedic-
inal plants pertains to biological activity, chemical constituents or even
biotechnology of these prized plants (Stafford, 2003). There is minimal
information regarding post-harvest physiology and even less on storage
and shelf-life. Shelf-life as deﬁned by Stafford (2003) is a predetermined
time for which a particular consumable can remain available to the con-
sumer. Shelf-life essentially determines the point at which a product is
unable to meet the requirements that it is supposed to, and may even
be considered hazardous (Stafford, 2003). Most pre-storage processesFig. 1. Effect of short term storage on the phytochemical content of three South African me
contents. GAE = Gallic acid equivalents; CE = Catechin equivalents; CCE = Cyanidin chlorid
H.h L = Hypoxis hemerocallidea leaves, O.b = Ocimum basilicum and S.p = Senna petersiana.
the fresh and stored plants were analyzed using the Student’s t-test (ns = not signiﬁcant; *p =such as heat, drying, cooling and packaging are utilized as a means of
preventing plant product degradation during storage (Rocha et al.,
2011). However, prevention of changes is not always possible.
The current study suggests that stored plant material do retain most
of their pharmacological efﬁcacies, even if to a lesser intensity, and
therefore can continue being used as medicinal remedies. Changes in
chemical composition of the tested plants were evident through the
phytochemical analysis conducted. In addition, the antimicrobial com-
pounds were relatively stable. Apparently, the relevant chemicals were
converted into more active compounds during the storage period.
According to Eloff (1999), some chemical compounds that account for
antimicrobial activity are fairly stable in the dry state (stored) and there-
fore can be used after storage for prolonged time periods. Some of the re-
sults indicated greater antimicrobial activity in stored material, whichdicinal plants. A = phenolic; B = ﬂavonoid; C = condensed tannins; and D = iridoid
e equivalents; and HE = Harpagoside equivalents. H.h C = Hypoxis hemerocallidea corm,
In each graph, bar represent mean value (±standard error, n = 5); difference between
0.05; **p = 0.01; ***p = 0.001).
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The changes in pharmacological activity and chemical composition
therefore may not always be negative as indicated by the antibacterial
activity of all three plants tested.
Interestingly, different solvents indicated different activity levels,
with ethanol extracts showing the highest levels of activity in most
cases. This could be indicative of the fact that there are different
compounds in ethanol extracts that are responsible for antibacterial
activity. This result was supported by Stafford (2003), where water
and ethanol extracts showed greater antibacterial activity in com-
parison to other extracts. The plant materials as mentioned were
extracted with various solvents. Traditional herbal medicines, how-
ever, are not extracted with these various solvents i.e. PE, and DCM.
Rather herbal remedies are prepared by extracting in alcohol or
water, making an infusion or using fresh material directly (Griggs
et al., 2001). Therefore, there might be discrepancies in the activity
values obtained.
Griggs et al. (2001) stated that according to traditional pharma-
cists who were interviewed, the shelf-life of dried plant material
did not vary with plant species. The result obtained in this study re-
futes this claim. Results differed among species, with some patterns
seen with regard to the various assays. An example would be H.
hemerocallidea where lower antioxidant activity is obtained with
stored leaves and corms whereas the stored materials of O. basilicum
and S. petersiana were more potent than the freshly collected mate-
rials. According to Stafford et al. (2005), it is speculated that bark,
roots and underground storage organs have a longer storage life in
comparison to leaf material. It is presumed that due to the fact that
roots, bark and underground storage organs store secondary metabo-
lites and assimilates, they are fairly stable (Stafford et al., 2005). Further-
more, these structures are better suited to protecting the compounds
they hold from degradation in comparison to leaves, because of their
lower surface area to volume ratio. This assumption can be supported
by the results found in this study, where the fresh leaves of H.
hemerocallidea, O. basilicum and S. petersiana showed better antibacterial
activity in comparison to stored leaves. However, the H. hemerocallidea
did not necessarily indicate greater activity in comparison to the other
plant material.
The current ﬁndings are important especially for researchers, tradi-
tional healers andmedicinal plant consumers. Decreased activity during
storage may be important to note in terms of sustainable collection and
usage of plant materials. While an increase in activity following storage
may result in new dosages being prescribed by practitioners in order
to lower the risk of toxicity due to overdosing (Amoo et al., 2012). How-
ever, it should be noted that all conclusions drawn from this investiga-
tion cannot be attributed to the single causative factor of storage, as
other factorsmight impact chemical composition and biological activity.
Furthermore, the plants were stored in the dark, at room temperature,
which is different to the conditions in a street market and therefore
should be taken as a guideline to storage effects and not as a ﬁnal judg-
ment. Although the current study and a few previous studies (Stafford
et al., 2005, Amoo et al., 2012) have focused on the effect of short- and
long-term storage on biological activity and chemical composition of
plants, there is still a noticeable shortage of scientiﬁc knowledge regard-
ing the topic. This is a great problem and one that needs to receivemore
attention. The study emphasizes the importance of good practices
where medicinal plants and commercialization are concerned, and
could aid in preventing overharvesting, and an overall sustainable use
of medicinal plants.Acknowledgments
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